The second species, Leyogonimus testilobatus, was described based on several specimens found in the lower intestine of Eurasian jays Garrulus glandarius Linnaeus collected near Saint Petersburg, Russia (BykhovskayaPavlovskaya 1953) . Based on his re-examination of type specimens of L. testilobatus, Khotenovskii (1961) demonstrated that this species belonged to Cortrema. Most recently, Ashour et al. (1994) described Cortrema niloticus Ashour, Ahmed et Lewis, 1994 from the bursa Fabricii of an Egyptian house sparrow Passer domesticus niloticus Nicoll et Bonhote in Egypt.
Based on several morphological features of adult digeneans such as the location of the ventral sucker, the shape and location of the excretory vesicle, the location of the testes, the presence of the receptaculum seminis and Laurer's canal, the structure and location of vitelline follicles, and the degree of development of the uterus in gravid specimens, Khotenovskii (1961) lowered the status of Cortrematidae to subfamily within the Lecithodendriidae Lühe, 1901 . Subsequently, Odening (1964a placed Cortrematidae in the superfamily Microphalloidea Ward, 1901 together with Allassogonoporidae Skarbilovich, 1948, Anenterotrematidae Yamaguti, 1958 , Eumegacetidae Travassos, 1922 , Lecithodendriidae Lühe, 1901 , Microphallidae Ward, 1901 , Pleurogenidae Looss, 1899 and Stomylotrematidae Poche, 1926 . In Odening's opinion these families (except the Microphallidae) constitute a 'Lecithodendrioiden Komplex', indicating their close similarity. Therefore, in his subsequent publication, Odening (1971) created a new superfamily Lecithodendrioidea Odening, 1971 including, in addition to the above-mentioned families, the Anchitrematidae Mehra, 1935 , Cryptotropidae Khotenovsky, 1965 and Urotrematidae Poche, 1926 In the same year, Yamaguti (1971) placed the Cortrematidae in the superfamily Troglotrematoidea Faust, 1929. In contrast, Sharpilo and Iskova (1989) accepted Odening's systematic arrangement and considered the Cortrematidae within the Lecithodendrioidea. In yet another twist of convoluted systematic history of Cortrema in the most recent classification, the Cortrematidae was regarded as a family within the superfamily Gorgoderoidea Looss, 1899 (see Blair and Barton 2008) . However, Bray and Blair (2008) emphasised that the Gorgoderoidea did not possess any outstanding autapomorphies in morphology or life histories.
The above historical account indicates the need of a phylogenetic analysis based on an additional, independent set of characters to clarify the phylogenetic affinities of Cortrema and stabilise its systematic position. All previous studies dealing with the systematic position of the Cortrematidae were based exclusively on morphological and life history characteristics. At the same time, the molecular framework of the superfamily Microphalloidea and related digenean lineages has been established in previous molecular phylogenetic studies , Henneberg and Literák 2013 . In the present work, we evaluate the phylogenetic relationships of the family Cortrematidae using newly obtained partial sequences of the nuclear large ribosomal subunit DNA of Cortrema magnicaudata collected from a barn swallow, Hirundo rustica in the Czech Republic. The phylogenetic position of Cortrema is discussed, and several changes in the system of the Microphalloidea and some of its constituent genera and families are proposed.
MATERIALS AND METHODS

Specimen collecting
Seventy one specimens of Cortrema magnicaudata were found in the caeca of an adult male of H. rustica Linnaeus found dead on 11 May 2013 near Záhlinice (49°17'06"N; 17°28'41"E), Kroměříž District, Moravia, Czech Republic. Worms were rinsed in tap water and fixed in 70% ethanol. Some of the collected trematodes were stained in borax carmine, dehydrated in ethanol series, cleared in clove oil, mounted in Canada balsam and identified according to Khotenovskii (1961 To complement the phylogenetic analysis we have also sequenced a specimen of Phaneropsolus praomydis Baer, 1971 and a specimen of Microtrema barusi Sitko, 2013 . Phaneropsolus praomydis were collected on 29 October 2009 from Rhabdomys dilectus De Winton in Rumphi District, Nyika National Park, Malawi (10°52'44"S; 33°27'46"E). Live worms were rinsed in saline, killed with hot water and fixed in 70% ethanol suitable for both morphological and molecular study. Voucher specimen of P. praomydis stained with alum carmine and mounted in Damar Gum was deposited in the collection of the Harold W. Manter Laboratory (Lincoln, Nebraska, USA) under catalogue number HWML 49999. The rodent host specimen is deposited in the collection of the Field Museum of Natural History (Chicago, Illinois, USA) under accession number FMNH 1818404. Microtrema barusi were collected on 2 April 2010 from dunnock Prunella modularis (Linnaeus) in Záhlinice, 15 km south to Přerov, Kroměříž District, Moravia, Czech Republic. Worms were fixed in 70% ethanol. Total mounted specimens stained with iron acetocarmine were deposited in the collection of the Comenius Museum Prerov, Czech Republic, under accession numbers P-P-1868/16/1-30, and in the collection of the Natural History Museum, London, UK, under accession number BMNH 2012.1.19.1. For details see original description (Sitko 2013) .
DNA extraction, amplification and sequencing
Genomic DNA was extracted from single worms of C. magnicaudata, P. praomydis and M. barusi using DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) following the manufacturer's protocol. The 5' end of the 28S rRNA gene (lsrDNA) was amplified using forward primer-dig12 (5'-AAG CAT ATC ACT AAG CGG-3') and reverse primer 1500R (5'-GCT ATC CTG AGG GAA ACT TCG-3') . PCR reactions were performed in a total volume of 25 ml using Taq polymer-Kanarek et al.: Systematic position of Cortrematidae and Phaneropsolidae ase from EurX (Gdańsk, Poland) according to manufacturer's instructions. Annealing temperature during the thermal cycling was 52 °C. The PCR products were purified using QIAquick PCR purification Kit (Qiagen) and sequenced in both directions (Genomed S.A., Warsaw, Poland). The obtained sequences were deposited in GenBank under the following accession numbers: KJ700420 (Cortrema magnicaudata), KJ700421 (Microtrema barusi) and KJ700422 (Phaneropsolus praomydis).
Alignment and phylogenetic analyses
A BLAST search (www.ncbi.nih.gov/BLAST) of the GenBank database has demonstrated that the sequence of C. magnicaudata was closest to multiple representatives of the superfamily Microphalloidea with a very high degree of similarity. Therefore, the alignment used in the phylogenetic analysis included previously published sequences of a variety of the Microphalloidea (Tkach et al. 2000 (Tkach et al. , 2001 . In addition, sequences of Phaneropsolus praomydis (KJ700422), Microtrema barusi (KJ700421) and Collyriclum faba (JQ231122) have been added to the alignment. Sequences were aligned using the on-line version of software MAFFT ver. 7 (www.mafft.cbrc.jp) with the option FFT-NS-1. The phylogenetic analysis was performed using Bayesian inference (BI) as implemented in the MrBayes ver. 2.01 software (Huelsenbeck and Ronquist 2001) . Based on the topologies in the previously published phylogenetic trees of the Digenea, sequence of Fasciola hepatica Linnaeus (AY222244) was chosen as an outgroup. Bayesian inference was employed using the following nucleotide substitution parameters: nst=6, rates=invgamma, that correspond to a general time reversible model (GTR) including estimates of the proportion of invariant sites (I) and gamma distribution (G). Posterior probabilities were approximated over 1 000 000 generations, log-likelihood scores plotted and only the final 75% of trees were used to produce the consensus trees by setting the 'burnin' parameter at 250 000. This number of generations was sufficient because the standard deviation dropped well below 0.01 at the end of the run.
RESULTS
The final alignment of the lsrDNA (n = 36) fragment was 1 224 bp long with 550 variable characters. The BI analysis resulted in a tree with ingroup taxa divided into six family-level clades (Fig. 1) . The tree topology strongly resembled the results from the previous phylogenetic study of the Microphalloidea by Tkach et al. (2003) , with the exception of the clades of Phaneropsolus Looss, 1899 and Collyriclum, which were lacking in the mentioned phylogeny.
The first clade representing members of the family Lecithodendriidae (Fig. 1) was 100% supported by BI, with very strongly supported internal topology within the family. The family Phaneropsolidae Mehra, 1935, represented in our study by P. praomydis, appeared as a separate branch not showing close affinities with any other family-level lineage. Three families, namely the Collyriclidae, Prosthogonimidae and Pleurogenidae, formed a 99.9% supported clade. The interrelationships among the three families remained essentially unresolved due to the low posterior probability value at the node uniting the Prosthogonimidae and the Pleurogenidae (Fig. 1) . However, the internal interrelationships within both the Pleurogenidae and the Prosthogonimidae were very well resolved.
Cortrema magnicaudata appeared among the pleurogenid taxa and clustered in a 100% supported clade with Gyrabascus amphoraeformis (Modlinger, 1930) (Fig. 1) (Fig. 1) .
DISCUSSION
As described in the Introduction, the systematic and taxonomic history of Cortrema was extremely complex. Different authors included it in the Troglotrematidae, Lecithodendriidae or its own family within superfamilies Troglotrematoidea, Lecithodendrioidea or Gorgoderoidea (see references in the Introduction). Our study has revealed the phylogenetic affinities of Cortrema and allowed to define its correct systematic position. The phylogenetic analysis inferred from the 28S rRNA gene (lsrDNA) sequences has demonstrated that this genus belongs to the family Pleurogenidae within the superfamily Microphalloidea, which largely corresponds to the Lecithodendrioidea in the system of Odening (1964a) .
Our results refute the placement of the Cortrematidae among the families of the Gorgoderoidea Looss, 1899 proposed in the latest systematic arrangement of the group (Lotz and Font 2008a) . In the phylogenetic tree ( Fig. 1) Cortrema is closest to the genus Gyrabascus Macy, 1935 among currently sequenced taxa. The two genera share several important morphological characteristics. Both Cortrema and Gyrabascus share the I-shaped excretory vesicle, pretesticular ovary, lack of a true cirrus-sac, a long winding seminal vesicle freely lying in parenchyma and both genera are devoid of a visible pars prostatica. Because of this phylogenetic placement of its type and only genus, the family Cortrematidae should be considered among synonyms of the Pleurogenidae. Even if the Gyrabascidae would be considered as an independent family, the name Cortrematidae would be suppressed as its junior synonym.
Tang and Tang (1981) described sporocysts and nonvirgulate xiphidiocercarie of C. corti (considered here a synonym of C. magnicaudata, see the discussion below) developing in pulmonate snails Lymnaea (Fossaria) ollula Gould and Succinea chinensis Pfeiffer. This causes a concern because representatives of the phylogenetically closest Gyrabascus have virgulate xiphidiocercariae parasitic in prosobranch snails (Burns 1961a,b) . It should be emphasised, however, that Tang and Tang (1981) used field collected snails for their study. The cercariae described by these authors have a very different excretory vesicle compared to the adult Cortrema (V-shaped or modified Y-shaped as opposed to I-shaped). Besides, their cercariae did not have any caeca whereas the caeca are very well developed and long in adult Cortrema. Tang and Tang (1981) did not complete the life cycle and did not obtain adult digeneans resulting from their infections of field-collected snails with the eggs of Cortrema. In our opinion, the data on cercarial morphology and intermediate hosts presented by Tang and Tang (1981) need to be considered with caution until additional convincing evidence becomes available.
Although we did not have representatives of other species of Cortrema for molecular study, available morphological information allows us to consider their taxonomic status. Based on literature data, C. magnicaudata differs from C. corti only in length of the Laurer's canal, not considering small differences in body size. In C. corti the canal extends to the end of the body, whereas it opens at the level of the distal end of the testes in the former species (Tang 1951 , Khotenovskii 1961 ). In our opinion, this morphological feature alone is not sufficient for species differentiation. In contrast, C. corti seems to occur exclusively in the bursa Fabricii of birds (Tang 1951, Tang and Tang 1981) , whereas C. magnicaudata has been reported only from the caeca or distal parts of the intestine (Khotenovskii 1961, Sitko et al. 2006; present data) . However, Oshmarin (1970) pointed that site preference in this trematode species is likely to be age-dependent. In young birds these digeneans prefer bursa Fabricii whereas they occur in the caeca in adult birds. Therefore, the difference in the infection site is a rather weak argument in favour of the status of C. magnicaudata and C. corti as separate species.
Interestingly, in another European species, C. testilobata (Bykhovskaya-Pavlovskaya, 1953) , the Laurer's canal opens at the level of the distal end of the testes, similar to C. magnicauda. The only feature that allows distinguishing these species is the slightly smaller body size of C. testilobata -see Khotenovskii (1961) . The taxonomic status of the last described species, C. niloticus, is unclear. The original description was poor and did not contain key morphological details that would justify establishment of a new species (Ashour et al. 1994) . Therefore, we consider C. corti, C. testilobata and C. niloticus as junior synonyms of C. magnicaudata.
The Pleurogenidae in our phylogeny was clearly monophyletic. However, it contains a genus Parabascus, which was a member of the Phaneropsolidae in the most recent revision by Lotz and Font (2008b) . According to the system proposed by these authors, the Phaneropsolidae is a large family including 26 genera of digeneans parasitic almost exclusively in warm-blooded vertebrates, primarily mammals. Recently, Sitko (2013) established a new genus Microtrema Sitko, 2013 for his new species Microtrema barusi from passeriform birds in Central Europe. This genus was also included in the Phaneropsolidae (Sitko 2013) . Of these 27 genera, only species of Parabascus have been sequenced prior to the present study (Tkach et al. 2002 . Therefore, inclusion of a member of Phaneropsolus in our molecular phylogenetic analysis was important to resolve the problem of the interrelationships between the Pleurogenidae and Phaneropsolidae, and to provide the framework for future detailed analysis and revision of the Phaneropsolidae. It should be mentioned that Phaneropsolus itself was previously included into several family-level taxa, namely the Lecithodendriidae (e.g. Mehra 1935 , Baer 1971 , Yamaguti 1971 , Goodman and Panesar 1986 , usually within the subfamily Phaneropsolinae, or the Pleurogenidae (see Khotenovskii 1970, Sharpilo and Iskova 1989) , in the latter case as a member of the subfamily Parabascinae.
Our analysis allows us to make two conclusions regarding the status and content of the Phaneropsolidae. First, the status of the Phaneropsolidae as an independent family should be maintained because P. praomydis appeared in the phylogentic tree as an independent familylevel branch not showing close relationships with other families of the Microphalloidea. The second conclusion is that Parabascus is not closely related to Phaneropsolus and instead belongs to the Pleurogenidae as was earlier demonstrated by Tkach et al. (2002 Tkach et al. ( , 2003 .
Sequencing of the remaining genera included in the Phaneropsolidae by Lotz and Font (2008b) is necessary to clarify their phylogenetic affinities and systematic positions. Based on the significant diversity of morphological features among genera currently placed in the Phaneropsolidae we anticipate that some of them will need to be transferred into other families.
Inclusion of both P. praomydis and M. barusi in the present study also allowed us to analyse the systematic position of Microtrema. In the phylogenetic tree, M. barusi was nested among several species of Microphallus in a 100% supported clade (Fig. 1) . Therefore, there is little doubt that the genus Microtrema should be synonymised with Microphallus and the status of M. barusi needs to be re-evaluated upon careful morphological re-examination and comparison with members of Microphallus and other genera of the Microphallidae, not the Phaneropsolidae. The rather superficial original description of M. barusi does not allow to adequately address this question without morphological re-examination of the type specimens. Among other systematic outcomes, our analysis confirmed the conclusion by Heneberg and Literák (2013) regarding the status of Collyriclidae as a family within the Microphalloidea.
To address the broader questions of the taxonomic composition of the Microphalloidea, representatives of some not yet sequenced families (e.g. Anenterotrematidae, Eumegacetidae, Renschtrematidae, Stomylotrematidae, etc.) need to be sequenced and included in future phylogenetic analyses.
